The development of techniques for the in-situ measurement and structural health monitoring of the rotating components in gas turbine engines is of major interest to NASA. As part of this on-going effort, several experiments have been undertaken to develop methods for detecting cracks and measuring strain on rotating turbine engine like disks. Previous methods investigated have included the use of blade tip clearance sensors to detect the presence of cracks by monitoring the change in measured blade tip clearance and analyzing the combined disk-rotor system's vibration response. More recently, an experiment utilizing a novel optical Moiré based concept has been conducted on a subscale turbine engine disk to demonstrate a potential strain measurement and crack detection technique. Moiré patterns result from the overlap of two repetitive patterns with slightly different spacing. When this technique is applied to a rotating disk, it has the potential to allow for the detection of very small changes in spacing and radial growth in a rotating disk due to a flaw such as a crack. This investigation was a continuation of previous efforts undertaken in [2011][2012] to validate this optical concept. The initial demonstration attempted on a subscale turbine engine disk was inconclusive due to the minimal radial growth experienced by the disk during operation. For the present experiment a new subscale Aluminum disk was fabricated and improvements were made to the experimental setup to better demonstrate the technique. A circular reference pattern was laser etched onto a subscale engine disk and the disk was operated at speeds up to 12 000 rpm as a means of optically monitoring the Moiré created by the shift in patterns created by the radial growth due the presence of the simulated crack. Testing was first accomplished on a clean defect free disk as a means of acquiring baseline reference data. A notch was then machined in to the disk to simulate a crack and testing was repeated for the purposes of demonstrating the concept. Displacement data was acquired using external blade tip clearance and shaft displacement sensors as a means of confirming the optical data and for validating other sensor based crack detection techniques.
INTRODUCTION
The development of in-situ measurement technologies and fault-detection techniques for the structural health monitoring of gas turbine engines is of high interest to NASA's Aviation Safety and Fundamental Aeronautics Programs. The rotating components of modern gas turbine engines operate in severe environmental conditions and are exposed to high thermal and mechanical loads. The cumulative effects of these loads can lead to high stresses, structural deformities, cracks, and eventual component failure. Current detection practices involve periodic inspections and schedule-based maintenance of engine components to ensure their integrity over the lifetime of the engine. However, these methods have their limitations, and failures are experienced leading to unscheduled maintenance and unplanned engine shutdowns. To prevent these failures and enhance aviation safety, the NASA Glenn Research Center has investigated several new techniques and sensor technologies for the in-situ structural health monitoring and detection of flaws in gas turbine engines.
Over the last several years research has been conducted in the NASA Glenn Research Center's Rotor Dynamics Laboratory to develop both global and local approaches for monitoring critical rotor components (Refs. 1 to 8). This paper will present data from a sensor based technique that was previously investigated along with the results of a recently conducted novel optical Moiré based strain measurement and crack detection experiment. The sensor based anomaly detection method involved introducing a notch on a simulated turbine engine disk and monitoring its vibration response as the disk was rotated at speeds up to 12 000 rpm. The vibration response was characterized by using externally mounted capacitive blade tip clearance sensors to measure the combined disk-rotor system's whirl amplitude 
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As previo disk at variou at full speed o chosen were were chosen growth due to marks located image that w overlay of the to the radial g Figure11  Figure 11( Figure 12 shows the resulting composite image obtained by overlaying the on-condition and reference images that were acquired for the region of the disk where the notched was located. A 25 mm lens was used to magnify the region of interest. Again, as previously observed, the anticipated light and dark zones due to the Moiré shift were not observed. The static reference image patterns lined up almost perfectly on the patterns of the image taken at 12 000 rpm. Thus, further verifying that the disk was experiencing very little if any growth due to the notch and the loads induced on it during operation. It should be noted that the same results were also observed when using the 12 mm lens on this area of the disk. This was unexpected, as finite element analysis showed that up to a ~0.075 mm (~.003 in.) localized radial growth of the disk could be observed in the region of the notch under these loading conditions. The expectation was that at least the initiation of a pattern shift would be observable, especially in the rings beginning at the notch region and heading towards the outside edge of the disk. To further verify the lack of radial growth a line intensity profile analysis was conducted over the last 10 rings on the composite image to determine if there was a shift due to radial growth of the disk as this would represent the best region to detect any growth.
The region that was used for the intensity profile is indicated by the yellow line in Figure 12 . The intensity profile is shown in Figure 13 demonstrating the technique. The optical data for the notched disk is currently in the process of being acquired and is not ready to be reported on at this time. However, this novel optical measurement technique does look promising and will continue to be investigated along with other optical techniques. In addition, displacement data that was acquired using blade tip clearance and shaft displacement sensors on the clean and notched disk during this test entry will be used to further validate the previously discussed vibration based crack detection technique. Plans are to report on these validation results and the optical data acquired on the notched disk in future papers.
